Introduction
Cuniculture is the inexpensive practice of raising rabbits by targeting productivity, shorter production cycles, and animal proli cacy. Because of the digestive characteristics of rabbits, it is possible to use nonconventional foods in their diet. Despite the existing cultural barrier in Brazil regarding the consumption of rabbit meat, these attitudes might be changed by publicizing information on the nutritional quality of the meat, and this would allow the cuniculture exploitation of the meat, which can contribute to food safety and better nutrition in the population.
The agouti is a wild rodent mammal that lives in woods and barns and feeds on roots, fruits, and seeds from trees. It belongs to the Rodentia order and the Dasiproctidae family, and its scienti c name is Dasyprocta spp. It is a large rodent with a body length between 49 and 64 cm. This animal has been commercially bred in several states in Brazil due to the high quality of its meat. It is the species of Brazilian wildlife with the highest zootechnical potential. The rational use of wildlife in order to maintain and develop animal populations that can be used for the consumption of diets with highquality protein is very important for humans (LUI et al., 2008) .
Previous studies on the agouti, especially those concerning the anatomical and physiological characteristics of their digestive tract, are rare. Garcia et al. (2000) has shown that this species of wild rodent has a long small intestine, which measures an average of more than 7 m in length. The colon and rectum together measure approximately 1 m and 17 cm, and the cecum is long and sacculated.
Modern animal production has become increasingly complex due to changing feeding patterns (EULER, 2009) . For production, nutrition is fundamental. For the nutritional assessment of a diet, it is necessary to know the amounts of nutrients and energy that are present and that will be used by the animal, and this information is obtained through digestibility trials (COELHO et al., 2008b) . These trials have become a useful tool in the assessments of foods or diets because the nutritional value of food is directly related to the digestibility of its nutritive principles. The digestibility assays for rabbits were improved and standardized in the 1990s (PÉREZ et al., 1995) because of the expanding research on cuniculture in Europe. Other studies that assess the digestibility of nutrients in alternative foods have been performed (ARRUDA et al., 2005) .
Torula is an alternative protein source, and its raw material, vinasse, is not used in human nutrition. It is important to study foods that do not compete with the human diet, as this is a constant criticism of international agencies (BUTOLO, 2002) . Food substitutes for soy and corn are extremely important for reducing costs and for the diversi cation of nutritional strategies, and these substitutes are very relevant due to the high seasonal prices of commodities, which are very susceptible to changes in the international market (NOGUEIRA, 2007) .
The torula yeast is obtained through an aerobic fermentation process that uses vinasse as a substrate for the propagation of fodder yeast, and this process was developed by the Instituto Cubano de Investigaciones de los Derivados de la Caña de Azúcar (ICIDCA) (in English: Cuban Institute for Research on Sugarcane Derivatives) in the 1970s. This process is currently implemented in a systematic way in three Cuban factories that produce 5,000 tons/year [see Table 1 from RODRÍGUEZ et al. (2011) of the composition of the Cuban industrial torula]. This level of production has allowed the development of a protein core for fattening pigs and other domestic animals. Methionine + cystine 1.7 Rodríguez et al. (2011) .
Among the microorganisms that can be used in diets, the use of the Candida utilis species has proven favorable due to its capacity to assimilate hexose and pentose and other nonsugar organic compounds, such as acids, alcohols, and aldehydes.
The industrial process that produces dried torula begins with the autolysis of the yeast suspension that is retained in distilleries through centrifugation, which yields a supernatant that is ultra ltrated and dried by evaporation. The yeast propagation process results in a reduction in the contaminant load from vinasses from 70-80 kg/m 3 to 10-15 kg/m 3 . At the same time, almost a ton of yeast is obtained per 60 m 3 of vinasse that is used in the process.
Nutritionally, yeasts are considered important sources of protein, vitamins, and minerals. This protein source contains 35%-45% crude protein (PILOTO; MACÍAS, 2005) , and, as shown in Table   2 , it is noteworthy for its lysine content, which far exceeds that of soybean meal. Similarly, Rodríguez et al. (2011) examined the minerals in torula yeast that was produced from distillery vinasse by analyzing neutron activation. Potassium (K), calcium (Ca), chlorine (Cl), magnesium (Mg), iron (Fe), and sodium (Na) were present in the highest concentrations, along with a high content of mineral matter (7.15%) and total phosphorus (P; 1.61%).
The mineral composition of torula yeast from vinasse exhibits values that are higher than those reported by the National Research Council (1998) for soybean meal. Previous studies of torula, which is still not produced in Brazil despite its potential, are scarce.
Therefore, the aim of this study was to determine and compare the digestibility, levels of digestible protein, and energy values of diets that include torula in rabbits and agoutis.
Materials and Methods

Experimental protocol for rabbits
For the in vivo digestibility trial in growing rabbits, thirty-two 65-day-old New Zealand White rabbits were housed in galvanized wire cages that were equipped with semiautomatic feeders, nipple drinkers, and feces collectors in the bottom of the cages.
A base diet (BD) was tested along with three other formulated diets that contained 5%, 10%, or 15% torula yeast relative to the macroingredients in the BD. The microingredients were maintained at the same quantities as those in the BD. The diets were formulated as recommended by De Blas and Mateos (2010), and they were isoproteic and isocaloric. The diets were offered ad libitum. Table   3 shows the ingredients in each treatment and the analyzed values of the diets. Table 4 shows the composition of the torula, which was the same in all of the experiments that were conducted in this study.
The animals were allowed to adapt to their cages and diets for seven days, which was followed by a collection period of four days in total, during which individual food consumption and fecal production were measured and daily measurements of the quantities of food provided and the remains in the feeder were performed. Cecotrophy was not prevented, and any cecotropes that were found in the trays were weighed and incorporated into the hard feces for analysis. Contamination of the feces by feed was avoided by removing it and subtracting it from the ingested food. Table 3 . Ingredients used in each treatment and values analyzed in the diets (g kg -1 DM -1 ) for growing rabbits.
Diet
Percentage of torula yeast (%) The feces were collected in plastic bags in the morning. Any hair in the bag was removed, and the bag was stored in a freezer at -10°C until the end of the collection period. Subsequently, the feces were sent to the Animal Nutrition Laboratory of the Department of Zootechnics of the Federal University of Minas Gerais (UFMG), where the feces were cooled, homogenized, weighed, and dried in forced ventilation ovens at 55°C for 72 h in order to promote predrying. The weights of the air-dried samples were then determined. Once they were dried, the samples were ground in a knife-type mill with a 1-mm sieve and then stored in plastic bottles until further analysis.
The experimental design was completely randomized with four treatments and eight animals per treatment, and each experimental unit consisted of one housed animal.
Experimental protocol for agoutis
This experiment was conducted at the Fazenda Zoo, which is located in the municipality of Paraopeba in the state of Minas Gerais, Brazil, where the commercial breeding of agoutis is authorized by the Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis (IBAMA) (in English: Brazilian Institute of Environment and Renewable Natural Resources)/Minas Gerais in accordance with current legislation.
Twenty agoutis (8 males, 12 females) with a mean initial weight of 2.9 kg were used. The animals were kept in galvanized wire cages that were suspended for a period of 16 days. All of the animals were adults with ages between 14 and 34 months. The cages measured 60 cm in length, 60 cm in width, and 40 cm in height, and they were equipped with semiautomatic feeders, nipple drinkers, and feces collectors at the bottom of the cages.
For this experiment, a BD was tested and formulated according to the recommendations of De Blas and Mateos (2010) for captive rabbits because no speci c nutritional recommendations were found for agoutis. The test diet (TD) was formulated with 30% torula yeast added to the BD (Tables 5 and 6 ). The diets were in pellets that were 12-15 mm in length and 4-5 mm in diameter. The animals were allowed to adapt to their cages and diets according to the following protocol as no information was found in the literature on maintaining agoutis in individual cages with pelleted diets. This step was performed in the original enclosures where the animals were bred.
The experiment began with a phase of adaptation of the animals to the new diet, which was pelleted feed for rabbits. This phase lasted 48 days, with a transition period of 18 days that included the gradual introduction of the feed until the animals consumed 100% pelleted feed in their diet. This period was necessary because these animals had previously consumed a diet that was based on corn grains and supplements, such as tubers, fruits, and legumes, and they had never eaten pelleted food.
Once the feed was accepted, the animals proceeded to the second phase, which involved their adaptation to a new caged environment for eight days. It was considered necessary to maintain the animals in group pens with 10-to 20-m 2 wooden pickets, a natural substrate, holes, and wooden shelters on the ground, and this was a semi-intensive system.
At the beginning of this phase, the 20 animals were separated in the enclosure, weighed, and identi ed, and, immediately after this handling, they were transferred to individual cages where they were kept under constant monitoring in case the animals did not tolerate the con nement or experienced problems from this change. This transition period lasted until the behavioral and physiological changes that were induced by the con nement decreased and their functions were stabilized. The third phase was the period of adaptation to the experimental diets, which lasted four days and which were administered ad libitum.
After this period of adaptation to the new food and environment, the data were collected for four days. During this period, the feces and leftover feed were weighed daily and replenished, and the samples were collected, identi ed, and stored.
For this, a nylon-mesh screen was installed at the bottom of each cage to enable the feces and feed of each individual unit to be collected without urine retention.
The digestibility assay involved an experimental period of four days in order to control the consumption and collection of hard stools. During these days, the feces were collected in the morning, and the hair was removed. The samples were then stored at -10°C until the end of the collection. Subsequently, the feces were sent to the Laboratory of Animal Nutrition of the Department of Zootechnics of UFMG, where the samples were chilled, homogenized, weighed, and dried in a forced ventilation oven at 55°C for 72 h in order to promote predrying. The weights of the air-dried samples were determined.
The experimental design was completely randomized, with two treatments and 10 animals per treatment, and each experimental unit was composed of one agouti.
Laboratory analyses
The analyses were performed at the Laboratory of Animal Nutrition of the Department of Zootechnics at the Veterinary School of UFMG. The samples were prepared, and the chemical analyses were conducted according to the methodology proposed by the European Group on Rabbit Nutrition (EGRAN, 1999) .
The feces and diets were analyzed for dry matter (DM), crude protein (CP), mineral matter (MM), gross energy (GE), ethereal extract (EE), ber in neutral detergent (NDF), Ca, P, and ber in acidic detergent (ADF), with this last analysis being performed only on the feed and torula samples.
Calculation methods
The mean daily consumption (MDC) was determined by weighing the leftovers at the beginning and end of the assay and subtracting their weights from the amount provided.
After analyzing the feces, the digestibility coef cients (DC) of the nutrients in the diets were analyzed to determine the apparent digestibility values of the diets containing the different amounts of torula. The DCs were calculated for DM (DCDM), GE (DCGE), MM (DCMM), CP (DCCP), EE (DCEE), and NDF (DCNDF) with the equation proposed by Schneider and Flatt (1975) . The values for the digestible energy (DE) and digestible protein (DP) of torula were estimated according to the methodology of Matterson et al. (1965) for 15% torula and the correction of DM in the diets that was proposed by Villamide (1995) . Similarly, the DE and DP values were estimated with linear regressions.
Statistical analyses
The results that were obtained from the digestibility assays of the rabbits were analyzed with analyses of variance and regression analyses (rabbit assay) with a General Linear Model (GLM) (SAS, 1999) , and Tukey's test with a 5% probability level was used to compare the means.
The results that were obtained from the digestibility assays of the agoutis were examined with analyses of variance with a GLM (SAS, 1999) , and the F test was used to compare the relevant means (SNEDECOR; COCHRAN, 1980) with a 5% probability level.
Results and Discussion
The results that were obtained for the MDC and apparent DCs of the experimental diets that were offered to the rabbits are presented in Table 7 . The substitution did not signi cantly affect (P > 0.05) any of the DCs examined, which indicated that a diet with 15% torula did not affect the digestibility of the nutritive principles in the diets or the MDC. Similarly, these ndings suggested that, even for the torula percentage examined, the nutritional values of the nutritive principles did not change signi cantly, which was consistent with the use of up to 15% of the product in rabbit diets. Table 7 . Mean daily consumption (MDC; g animal -1 ) and apparent digestibility coef cients (DC; %) of dry matter (DCDM), crude protein (DCCP), ber in neutral detergent (DCFND), ethereal extract (DCEE), and gross energy (DCGE) in diets for growing rabbits. for a diet containing 5% torula were lower than those obtained in our experiment for diets with all torula percentages. We understand that variations in the composition of torula can cause different digestive behaviors. The variations in the composition of torula yeast, according to researchers, depends on a series of factors, including the nature of the byproduct used, degree of aeration of the medium, species of yeast, treatment of the culture medium, concentration of salts and buffers that enhance the fermentation process, and the processes used to improve the products, such as drying (BAPTISTA, 2001) .
After determining the values for DCGE and DCCP and the amounts of GE and CP in the diets, it was possible to determine the values of the digestible energy (DE) and digestible protein (DP) of the four treatments, which are shown in Table 8 . Arruda et al. (2003b) studied the digestibility of the protein and energy in pelleted feed containing different levels of starch and ber sources (alfalfa hay or soybean hulls) in growing rabbits, and they found lower DP (11.65%) and DE (2,674.0 kcal kg -1 ) values than those in our experiment. According to Arruda et al. (2003a) , the quality and quantity of dietary ber can in uence the speed of digestion, which indicates that brous foods with low ligni cation of the cell wall and a greater proportion of cellulose, hemicellulose, or pectin should be avoided due to the potential for fatal diarrhea. Ferreira et al. (2010) assessed the nutrition of semisimpli ed diets with and without the addition of vinasse in growing rabbits, and they calculated a mean DE value of 2,254.14 kcal kg -1 , which was lower than the result determined in this experiment, and the DP equaled 15.47%, which was higher than the mean value obtained in this study. It is worth mentioning that all four diets that were used in that study contained an average of 29.12% of soybean meal. The results they obtained for the apparent DCs were not in uenced by the quality of the hay or vinasse, except for the MM.
When experimenting on animals, it is important to identify and reduce the experimental errors that accumulate during the research as much as possible, because, even if the errors are small, they may cause a signi cant loss of accuracy when they are totaled. One of the errors that was identi ed was in the calculation of DP and DE of the tested food diet.
When assessing the torula, the correction of DM that was proposed by Villamide (1995) was applicable to the methodology proposed by Matterson et al. (1965) for the estimation of DE and DP because torula has a lower DM (85.88%) than the DM of the BD (89.71%). Thus, the greater percentage of torula that was contained in the BD that was used for this calculation changed from 15% to 14.42% when the correction described above was applied. The regression equations that were performed for the nutritive principles of the experimental diets are presented in Table 7 . The estimated DE and DP values of torula that were determined with all of the calculation methods are shown in Table 9 . Faria et al. (2000) have examined the nutritive value of recovery yeast (Saccharomyces sp.) that were dried with a rotating roller or by Spray-Dry in rabbits, and they found DP values that were equal to 18.25% and 25.22%, respectively, and DE values (kcal kg -1 DM -1 ) that were equal to 3,248.0 and 3,859.0, respectively. Therefore, the DP of yeast that was dried by a rotating roller was similar to the results that were obtained in this study because a similar technology was used. However, this was not found for the DP of yeast that was obtained with Spray-Dry or for the DE that was obtained with both methods. The variations in the nutritive values of yeast depend on the original species and the technologies that were used to obtain the yeast.
The results that were obtained for the MDC and DCs in the experiment on the agoutis are presented in Table 10 . Because vinasse torula has a low EE, a reduction was observed in the amount of this nutritive principle in the torula diet. It is worth mentioning that the P content decreased, which may suggest that a correction of this element is required when the percentage of torula that is included in the diets is 30%. The means followed by different letters in the same column signi cantly differ (F test; P < 0.05).
The results revealed that the addition of torula to the diet did not in uence (P > 0.05) the nutritive parameters that were assessed, except for DCEE and DCGE (P < 0.05). This may have occurred because the coef cients are interlinked because the lipids that are contained in the EE are a source of energy and a decrease in DCEE causes a subsequent decrease in DCGE. One hypothesis for this lower energy use is that the agouti is an animal that lives in the woods and forests and that frequently feeds on fruits and tubers, which are foods that exhibit higher energy availabilities in the forms of sugars and starch, respectively. Another possible explanation could be its reduced capacity to digest the energy that is contained in cereals and grains, such as in the pelleted feed that was used in this study.
The DCOM was greater than the DCDM in this study. Torula and yeasts generally have a high content of OM, and some components of this fraction are still unknown or have been rarely studied. One of the limitations of high percentages of substitution with torula is expected to be due to the digestibility of OM and enzymatic limitations. Therefore, to assess the digestibility of OM when the substitution index was 30%, the CDOM was determined in this experiment. No signi cant reduction was found in the statistical analysis (P > 0.05), which suggested that the diet containing 30% torula did not affect the digestibility of the organic fraction of the diet.
The results in this study can only be compared with data that were obtained from other domestic species because no studies in the literature have examined the digestibility of diets that contain this product in agoutis or other wild species. Chaudhary et al. (1995) assessed the effects of administering yeast (Saccharomyces cerevisae) to rabbits, and Luick et al. (1992) evaluated diets that were supplemented with yeast (Lacto sacc). Both assessed the DCs of nutrients in the experimental diets, and no statistically signi cant differences were found (P > 0.05) for the parameters assessed, which differed from our study that found signi cant differences in DCEE and DCGE.
The addition of microbial protein to diets at a percentage of 30%, which is considered high, may in uence the digestibility of other nutrients, including protein. Even for growing animals that require less CP than the high content of CP that was analyzed in the feed containing torula, the DCCP was not signi cant (P > 0.05), indicating that the inclusion of 30% did not preclude the use of protein in the diet. We can infer that percentages of torula yeast up to 30% can be added to diets without affecting the nutritional value of the diet of a growing agouti. Ferreira et al. (2010) nutritionally assessed semisimpli ed diets with and without added vinasse in growing rabbits and found that the average DCDM (44.14%), DCGE (47.44%), and DCFND (16.29%) that they found were lower than the values found in this experiment. Moreover, the DCMM (51.15%), DCCP (75.46%), MDC (122.03 g animal -1 ), and DP in the diet (15.47%) that they found were higher than the mean values obtained in this study. It is worth noting that all four diets that were used in that study contained an average of 29.12% of soybean meal, which suggests that the diets that contained torula in this study were equivalent to those used in that study.
Compared with the digestibility assay that was performed in rabbits in this study, higher DC values were obtained in the agoutis, but the results were similar in this experiment. It is reasonable to predict that New Zealand rabbits, which have already been selected and domesticated by animal breeding programs, would be able to take better advantage of the available nutrients than wild rodents. However, the similar values between the two groups demonstrate the ef ciency of agoutis, which, despite still being in the early stages of domestication and adaptation to captivity, con rms their high zootechnic potential. In the experiment on rabbits, it is worth highlighting that these animals were still growing, whereas the agoutis were not, as they were all breeding adults. Growing animals have better digestive capacities than breeding animals do.
By determining the DCGE and DCCP values and the amounts of GE and CP in the diets in this study, it was possible to calculate the DE and DP values in both treatments, and the results are presented in Table 11 . When assessing torula, the differences in DE and DP values that were obtained with the formulae of Matterson et al. (1965) and Villamide (1995) were expressed in the percentages of the added torula because 30% was the value used by Matterson et al. (1965) . In the formula of Villamide (1995) , the DM that refers to the test food is corrected when compared to the BD because the torula has a lower DM content than that in the BD (90.34%). The results that were obtained with the two procedures are shown in Table 12 . The results showed that the calculation procedure of Villamide (1995) differed from that of Matterson et al. (1965) . Therefore, both were used in order to show the differences between them. It is worth noting that the corrected formula of Villamide (1995) was more appropriate in some circumstances, with the need to correct the value from 30% to 28.95%.
No previous data on the DE and DP values for torula in agoutis were found, and this prevents a direct comparison of the values obtained in this study with those obtained in other studies. The DE value (1,663.69 kcal kg -1 DM -1 ) that was obtained showed that the inclusion of 30% torula provided low energy that can be used by growing agoutis compared with the results obtained for DE for the rabbits in this study. The DP value showed that the inclusion of 30% torula provided a high amount of protein that can be used by growing agoutis.
Moreover, the ef ciency of the digestion of the EE changed (P < 0.05), although it did not alter the consumption (P > 0.05). This factor may also have in uenced the results that were related to the decrease in DCGE in the diets with added torula.
Another factor that needs to be considered is the possibility that the inclusion of 30% yeast may have altered the intestinal microbiota and the fermentation pattern, and these possibilities need to be speci cally studied. Several species of bacteria have been found in the intestines, mainly in the cecum and large intestine, of agoutis, and this suggests high microbial activity in these locations (MCBEE, 1971 ). This has also been observed in the cecum and large intestine of horses (CUNNINGHAM, 1993) , which indicates a direct relationship with the feeding habits of this animal, which ingests seeds and fruits (SILVIUS; FRAGOSO, 2003; LOPES et al., 2004) , in addition to native plants, vegetables, and legumes (LOPES et al., 2004) . The diet of agoutis in nature is composed of food that is low in protein, and it is possible that, when these animals are faced with a considerably high amount of a protein source, such as torula, the animal improves its natural ef ciency compared with its ability to use digestible protein.
In this experiment on agoutis, the results may have been a consequence of food processing because the BD was milled and repelleted to create treatment 2. This mechanical and thermal biprocessing that was performed on treatment 2 may have affected the availability of EE and energy, thus explaining the decrease in both of the digestibilities of EE and energy in the diet with torula.
The use of the adaptation and maintenance protocol for caged animals was useful for assessing the changes that occur to the breeding system in animals in captivity because the animals in these conditions show passive behavior and do not die before old age. No cases of diarrhea were observed.
Therefore, the adaptation protocol for agoutis was effective.
Conclusions
Under the conditions in this study, we can conclude that the inclusion levels that were tested for torula yeast did not interfere with the DCs that were studied or with the MDC of New Zealand white rabbits and that up to 15% of torula can be added to pelleted diets without altering the digestibility of the nutritive principles. The estimated values for the DE (kcal kg -1 DM -1 ) of torula were 2,870.52 with the methodology of Matterson et al. (1965) , 2,870.89 with the correction proposed by Villamide (1995) , and 2,805.22 when calculated by regression. The estimated DP values (g kg -1 DM -1 ) for torula were 182.6 with the methodology of Matterson et al. (1965) and 190.9 with the correction of Villamide (1995) . The DP value (g kg -1 DM -1 ) that was estimated by linear regression was 293.0.
For the agoutis, we can conclude that the inclusion of 30% torula yeast in their diet did not interfere with DCDM, DCCP, DCFND, DCOM, or MDC, but it reduced DCEE and DCGE, which suggests that torula diminished (P < 0.05) energy use. However, further studies are required to better understand this effect on this species. The estimated DE values (kcal kg -1 DM -1 ) of torula were 1,714.22 when the methodology of Matterson et al. (1965) was used and 1,663.69 with that of Villamide (1995) . The estimated DP values (g kg -1 DM -1 ) of torula were 259.1 with the methodology of Matterson et al. (1965) and 263.2 with that of Villamide (1995) .
